The measurement of arterial plasma concentration of hypoxanthine in 16 healthy newborn infants showed a prominent increase after birth compared with the umbilical cord levels. Peak values were found 10-20 min after birth with a maximal value of 11.9 pmole/liter in the normal newborns. In five asphyxiated infants the postnatal pattern of hypoxanthine was the same as for normal infants but the increase was even more prominent. A mean peak value of 33.7 pmole/liter was noted in the asphyxiated infants. Our results indicate that the hypoxanthine concentration is influenced not only by the degree of hypoxia, but also by the peripheral circulation and the time interval between the hypoxic event and the blood sampling. It is concluded that hypoxanthine assay may be of clinical value for the detection of past hypoxia as a semiquantitative test.
Summary
The measurement of arterial plasma concentration of hypoxanthine in 16 healthy newborn infants showed a prominent increase after birth compared with the umbilical cord levels. Peak values were found 10-20 min after birth with a maximal value of 11.9 pmole/liter in the normal newborns. In five asphyxiated infants the postnatal pattern of hypoxanthine was the same as for normal infants but the increase was even more prominent. A mean peak value of 33.7 pmole/liter was noted in the asphyxiated infants. Our results indicate that the hypoxanthine concentration is influenced not only by the degree of hypoxia, but also by the peripheral circulation and the time interval between the hypoxic event and the blood sampling. It is concluded that hypoxanthine assay may be of clinical value for the detection of past hypoxia as a semiquantitative test.
Speculation
It is possible to differentiate a group of asphyxiated infants from normal infants by measurements of plasma hypoxanthine concentration. A new biochemical measure of perinatal hypoxia thus appears available. Knowledge about the change in hypoxanthine concentration is however of much greater value than that of a single plasma sample which may be &isleading.
The theoretical connection between lack of oxygen, reduced cellular energy contents, and the catabolism of energy-rich phosphates (e.g., ATP, ADP) has been known for a long time. Until recently, however, the estimation of purine metabolites has not been used in clinical practice as a measure of hypoxia. With a micromethod for determination of the hypoxanthine concentration in plasma, Saugstad (18) found this metabolite to be a sensitive sign of hypoxia in experimental animals (20, 21, 22, 23, 24) and his preliminary clinical results also indicated a constant and slow decrease of this concentration after a period of fetal hypoxia. He therefore proposed that hypoxanthine measurements could be used for a retrograde estimation of past episodes of hypoxia in the newborn infant (19) . In the umbilical cord plasma a hypoxanthine level of 11 pmole/liter was found to discriminate newborn infants with normal deliveries from infants with signs of intrauterine asphyxia (19) . Lipp et al. (1 l), however, found that the hypoxanthine concentration in umbilical cord plasma from asphyxiated newborn infants overlapped in a rather broad range the values obtained from normal infants. This was true for both arterial and venous cord blood.
In view of this discrepancy, the present study was undertaken in order to investigate the change in postnatal arterial hypoxanthine concentration in a number of normal and asphyxiated newborn infants who had been carefully monitored during delivery and in the early postnatal period. In some of these infants, the hypoxanthine concentration was also measured in venous cord blood and in the immediate neonatal period in blood samples obtained from the umbilical vein.
MATERIALS AND METHODS
A control group and five asphyxiated newborn infants were studied. All infants were born at the Department of Obstetrics and Gynecology of the University Hospital in Uppsala.
CONTROL GROUP
Sixteen full-term newborn infants with a normal 1-min Apgar score 2 8 and an uneventful neonatal adaptation were selected from a group of subjects investigated as part of another study. The mean birth weight was 3312 f 423 g and the gestational age 276 f 8 days. All parturients had an uneventful pregnancy with no intercurrent disease. All were vaginal deliveries after a spontaneous onset of labor. In the newborn infants, determinations of blood gases, acid-base balance, and lactate were made on arterial blood obtained during the first 2 h of life. All results were in accordance with reference values for normal infants reported by other investigators (1, 2, 4, 7, 10, 15, 16, 27, 28) . Clinical observations during the early neonatal period and the first week of life were all normal. ASPHYXIATED 
INFANTS
Case I. The Apgar score was 2 at 1 min, 2 at 5 min, and 5 at 20 min of age. The birth weight was 3 160 g and the gestational age 40 wk. Severe intrauterine and postnatal asphyxia occurred after a paracervical block with transfer of the local anesthetic drug (lidocaine) to the fetus. Immediately after the block, fetal bradycardia occurred, with a heart rate of 50-60 beats per rnin as recorded cardiotochographically. Because of bradycardia, Caesarean section was performed within 40 min. Traces of lidocaine were found 23 h after birth in the blood, urine, and aspirates from the stomach. At the age of 9 months this infant showed delayed psychomotor development.
Case 2. The Apgar score was 1 at 1 min, 4 at 5 min, and 7 at 15 rnin of age. The birth weight was 3220 g and the gestational age 43 wk. This infant was born in the breech position. The fetal heart rate and fetal scalp pH were normal before birth. The asphyxic episode was believed to have occurred at the very end of expulsion, as is often seen during a breech delivery (8) .
Case 3. The Apgar score was 4 at 1 rnin and 7 at 5 rnin of age. The birth weight was 2830 g and the gestational age 36 wk. The presentation was anomalous, with a prolapsed extremity. During the external and internal manipulation all signs of fetal heart activity disappeared. Fetal death was suspected, but signs of fetal heart activity reappeared and an emergency Caesarean section was performed.
Case 4. The Apgar score was 3 at 1 min, 6 at 5 min and 9 at 10 rnin of age. The birth weight was 2830 g, and the gestational age 43 wk. The amniotic fluid was meconium-stained when arnni-otomy was performed 7 h prior to delivery. Vacuum extraction was done because of late decelerations, with a fetal heart rate of 80 beats per min. This infant showed marked signs of dysmaturity.
Case 5. The Apgar score was 9 at 1 and 5 rnin of age. The birth weight was 3170 g and the gestational age 38 wk. This was an incomplete breech presentation with a double footing position. The infant was included in the group of asphyxiated infants because of the clinical history and on biochemical grounds, although the Apgar score at l min was normal. The base deficit value was 16 mmole/liter and the blood lactate 10.5 mole/liter at 10 rnin of age.
CLINICAL PROCEDURE
Infants in the control group were monitored during labor with continuous external and/or internal cardiotochographic recording and in some cases also intermittent scalp blood sampling. After birth a catheter (Argyle 5 Fr.) was introduced into an umbilical artery and the infant was placed in an intensive care incubator. During the first 2 h of life the infant was observed clinically, ECG and transthoracic impedance were continuously monitored and the arterial blood pressure was recorded intermittently. Arterial blood samples were obtained from the umbilical artery catheter 10, 20, 30, 60, 90, and 120 rnin after birth. In some asphyxiated infants the sampling time varied because of resuscitative efforts or transportation. In eight infants of the control group and in two asphyxiated infants blood was also obtained from the umbilical cord vein. The vein was punctured after clamping of the cord, which was done 3 rnin after birth in the control group and immediately after birth in the asphyxiated infants. In some of the infants, blood was also obtained through a catheter in the umbilical vein simultaneously to the arterial blood sampling. In these cases the tip of the catheter was introduced only a few centimeters and was therefore probably situated in the vicinity of the portal sinus. Blood was drawn into heparinized syringes. Care was taken to put the samples on ice, and for the hypoxanthine assay to separate the plasma as soon as possible.
METHODS
Hypoxanthine was assayed by the micromethod for measuring oxypurines in plasma as described by Saugstad (18) . All assays were performed with the equipment used by Saugstad in this laboratory. The change in oxygen tension after the addition of xanthine oxidase to the plasma sample was observed on a Poz scale and recorded on paper (Varian Aerograph Model 20). The reaction was judged to be complete when the decline in oxygen tension was brought to a halt, which generally occurred within 45 sec. Twenty pl of Catalase (Boehringer, Mannheim; activity approximately 50,000 U/mg) were added to the plasma to avoid peroxide formation. The error of a single hypoxanthine measurement in the present series, as estimated from 18 duplicate determinations in the range from 0-18.2 mmole/liter, was 1.8 mmole/ liter, i.e., of the same order of magnitude as reported by Saugstad (19) .
RESULTS
The principal findings in this study are the following: (1) an early postnatal increase in arterial plasma hypoxanthine concentration followed by a decrease in both normal and asphyxiated infants; (2) this early change was more pronounced in asphyxiated than in normal infants; and (3) the hypoxanthine concentration at different intervals after birth was higher in the former infants than in the latter.
In eight normal and two asphyxiated infants hypoxanthine determinations were made in plasma of blood obtained from the umbilical cord. The first postnatal arterial blood sample had a higher hypoxanthine concentration than the umbilical cord vein in all cases but one. In this case the concentration was only slightly lower, 1.4 mmole/liter at 15 rnin of age. The change from the umbilical cord vein to postnatal peak arterial values ranged from -1.4 to +18.9, mean +9 mmole/liter, in normal infants. In the two asphyxiated infants this increase amounted to 16.8 and 18.9 mmole/liter, respectively.
The changes in hypoxanthine concentration in the normal infants are illustrated in Figure 1 and in the asphyxiated infants in Figure 2 . The pattern of change was the same in both groups. As a rule the highest arterial values were found within the first 20 rnin after birth. In the control group, the peak arterial values during this period ranged from 0-23.8, mean 11.9 mmole/liter. In the asphyxiated infants, the range of peak values was 18.8-48.3, mean 33.7 mmole/liter.
The subsequent change showed individual variations, but the general trend was a rapid decrease from the peak values. The mean decrease from the peak concentration in the first 20 rnin after birth, to the value at 30 min, was 5.7 mmole/liter in the control group and 19.9 mmole/liter in the group of asphyxiated infants. From 30 rnin onwards, the change in hypoxanthine concentration was less pronounced and, again, a large individual variation in the concentration was observed particularly in the group of asphyxiated infants.
In two of the latter infants an infusion of 6 m o l e of sodium bicarbonate was followed by an increase in the hypoxanthine concentration by 10 and 6 rnrnole/liter, respectively, as indicated in Figure 2 .
The relationship between hypoxanthine values of 14 paired blood samples obtained simultaneously through an umbilical arterial and an umbilical venous catheter between 7 and 25 rnin after birth is described by the equation Y = 3.0 + 0.72 X. The correlation coefficient was 0.66 (P < 0.01). In the range between 1 and 24 mmole/liter for the umbilical arterial blood samples the mean of the differences was 0.41 + 5.1 mmole/liter. Using Student's paired t test, no statistically significant difference between arterial and venous values (t = 0.23, P < 0.1) was found.
DISCUSSION
In this study, very rapid changes in the hypoxanthine concentration after birth were noted, particularly in infants who, for clinical or biochemical reasons, were considered to be asphyxiated in the perinatal period ( Fig. 1 and 2) . The characteristic pattern of hypoxanthine changes both in the infants of the control group and in the asphyxiated infants was an early and pronounced increase from the umbilical cord concentration, followed by a decrease. The apparent discrepancy between this pattern of changes and the slow hypoxanthine decrease noted by Saugstad in his preliminary study (19) , and indicated in a study by Maaser et al. (12) , is most likely only due to the fact that we were better able to observe a postnatal peak in hypoxanthine concentrations, owing to more detailed information from a larger number of samples. A pattern of changes similar to that observed for hypoxanthine in this study, with an early postnatal increase followed by a decrease, is also known for base deficit and lactate (2, 28) . The hypoxanthine concentrations, however, seemed to change more rapidly and more extensively than what is known for lactate or base deficit during the same time intervals after birth (26) .
The increase in hypoxanthine concentration to peak values after birth could be due to a delayed influx of this purine metabolite from the hypoxic cell to the extracellular fluid and thence to the plasma. It might also be due to a delay in the perfusion of tissues subjected to hypoxia. As hypoxanthine is not electrically charged, its diffusion out of the hypoxic cell is probably not a rate-limiting factor for its appearance in blood plasma. On the other hand, a marked peripheral vasoconstriction is known to occur immediately after birth both in normal and in asphyxiated infants (5) . With severe asphyxia both a reduced cardiac output and a redistribution of the blood supply to the brain and heart may leave less vital tissues with a decreased blood flow (25) . Thus, hypoxanthine would be trapped in underperfused and hypoxic tissues. Only when the peripheral blood flow increases after birth (6) and asphyxia is relieved will a bolus of hypoxanthine be washed out and appear in central venous and arterial blood.
Buffering is known to improve peripheral blood perfusion (3) and, in the present study, an infusion of sodium bicarbonate was in fact followed by a pronounced increase in the hypoxanthine concentration. In agreement with this observation, Saugstad also noted an increase in the hypoxanthine concentration after reinfusion of blood in dogs previously made hypovolemic (22) .
The problem of estimating the degree of past asphyxia by means of hypoxanthine assays in blood samples obtained from the umbilical cord at birth is illustrated in Figures 1 and 2 . Infants with similar hypoxanthine concentrations in their cord blood showed very different concentrations after birth. This finding is in accordance with the report by Lipp et al. of overlapping hypoxanthine concentrations in cord blood from asphyxiated and normal infants (1 1). In view of the possibility that hypoxanthine may be trapped in different tissues for circulatory reasons, as discussed above, one must expect cord values of hypoxanthine to vary not only with the degree of and with the time interval from a hypoxic insult, but also with the circulatory state. This will explain why an infant with a minor hypoxic insult at birth may have higher hypoxanthine concentrations in the umbilical cord blood than an infant with more extensive hypoxia and a secondary redistribution of the circulating blood. It should be mentioned that lactate concentrations were found to lack a significant correlation to the Apgar score, when determined in blood obtained from the umbilical cord in a study by Kaneoka et al. (9) . In blood obtained 15-60 min after birth, however, these authors observed highly significant correlations between lactate levels and Apgar scores, in accordance with our study on lactate in normal and asphyxiated newborn infants (4).
It was proposed by Saugstad that estimation of the hypoxanthine concentration in plasma could be used as a sensitive and quantitative test of hypoxia (19) . The present investigation confirms that fetal hypoxia can be traced postnatally from an elevated hypoxanthine concentration, as the asphyxiated infants had significantly higher hypoxanthine concentrations than normal infants after birth. Knowledge about the rapid changes of the hypoxanthine level and the appearance time of peak values is important. This is illustrated in Figure 1 'and 2, where it is seen that two infants had similar hypoxanthine values (5 mmole/liter) at 30 min of age but the change in hypoxanthine concentration in the time interval 10-30 rnin after birth was quite different. A single value can therefore not be expected to give a strict quantitative estimation of past hypoxia. This limitation also applies, however, to all other known biochemical means of estimating past hypoxia (17) . In our previous study on arterial lactate in normal and asphyxiated infants (4) it was noted that although lactate concentrations were strongly correlated to clinical signs of asphyxia for a long time after birth, the possibility of discriminating individual infants subjected to hypoxia by means of the lactate concentration was limited.
One would expect that hypoxanthine assay could be more useful as a quantitative measure of hypoxia under standardized experimental conditions, with possibilities of frequent sampling and/or knowledge of the exact time of occurrence of hypoxia, than in clinical practice. In clinical work, the number of samples must be limited. Nevertheless important qualitative information may be obtained from the hypoxanthine determinations. The possibility of measuring the total excretion of purine metabolites, e.g., in the urine, might be expected to better fulfill the theoretical requirements of a quantitative variable of hypoxia. In a recent investigation, however, only 58% of infants with perinatal complications had an increased oxypurine excretion (13, 14) .
Our conclusion from this study, based on the fact that the asphyxiated infants had significantly higher hypoxanthine con-centrations in postnatal blood samples than the control group, is that the hypoxanthine test as described by Saugstad (19) may very well serve as a semiquantitative test of perinatal hypoxia. The results, however, also indicate that the hypoxanthine concentration is not only dependent on the duration and degree of hypoxia, but to a very large extent is also influenced by the time interval between the occurrence of hypoxia and blood sampling and by the peripheral blood flow during this period. The plasma concentration of hypoxanthine should also be influenced by changes in the plasma volume, extracellular volume and rate of hypoxanthine disappearance from the plasma. Furthermore, it is possible that in some cases, hypoxanthine. of maternal origin may appear in the blood of the newborn infants.
It is of practical interest that no significant differences in hypoxanthine concentrations were found when samples were obtained simultaneously from an umbilical artery and an umbilical vein, as venous blood samples are sometimes easier to obtain in clinical work.
The clinical value of the hypoxanthine concentration as an indication of perinatal hypoxia, as compared with the blood lactate level, base deficit, and pH, will be discussed in a separate paper (26) .
